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DEVELOPMENT OF ADJACENT SEGMENT DISEASE FOLLOWING 
MULTILEVEL ANTERIOR CERVICAL DISCECTOMY  
AND FUSION SURGERY  
CHRISTOPHER EDWARD KRUKONIS 
ABSTRACT 
Background 
Cervical spondylosis, a degenerative disease of the spine, is a common medical condition 
that results in significant morbidity, loss of function, and financial burden on the 
healthcare system in the United States. The disease ranges in severity from axial pain, 
which is among the most common medical complaints encountered in healthcare, to 
severe neurological symptoms such a myelopathy and radiculopathy, which may require 
surgical intervention. Anterior cervical discectomy and fusion (ACDF) has been 
established as a gold standard for safe and effective surgical treatment of cervical 
spondylotic myelopathy (CSM) and/or radiculopathy. However, there are significant 
complications that are associated with surgical intervention, including the development of 
pathology at the spinal levels adjacent to the fusion level(s), known, as adjacent segment 
disease (ASD). 
Literature Review 
ASD has been studied in ACDF surgery, however there are a limited number of large 
studies that evaluate the correlation between the number of fused spinal levels and the 
rate of development of symptomatic and radiographic ASD. Mechanisms for the 
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pathogenesis of ASD have been proposed and some are supported by in vitro cadaveric 
studies, but there is not yet conclusive and strong in vivo evidence in the literature.  
Project Proposal 
This retrospective cohort study will be comparing rates of ASD development following 
short segment (one and two-level), and long segment (three or more levels) ACDF in 
patients with a minimum of three years of follow-up. Patients are evaluated for ASD via 
review of electronic medical records, including operative reports, outpatient and hospital 
charts, and evaluation of imaging studies. Images are assessed for radiographic ASD 
using the Kellgren-Lawrence criteria, and these results are subsetquently evaluated for 
correlation with symptomatic ASD. This study aims at investigating the incidence rates 
and relative risk of developing ASD and evaluate for statistically significant difference 
using chi-square analysis.  
Conclusion 
More research is still needed to confirm the mechanism of pathogenesis of ASD and 
determine the effect that length of fusion construct has on the incidence of this disease. 
Further information will help guide physicians in their clinical decision making in the 
surgical treatment of patients with ACDF and those that subsequently develop ASD.  
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INTRODUCTION 
Background 
 Degenerative disease of the spine, known as spondylosis, imposes a significant burden 
on the American public health system. From pain to severe neurological dysfunction, 
complaints relating to the spine are among the most common encountered in healthcare. 
When spondylosis of the cervical spine becomes severe it can lead to significant 
neurologic impairment such as radiculopathy and/or myelopathy and in such cases 
surgical intervention is often required.  
Anterior cervical discectomy and fusion (ACDF) surgery has long been 
established as a safe and effective treatment for symptomatic cervical spondylosis. It is 
commonly used to treat cervical spondylotic myelopathy (CSM) and radiculopathy 
occurring at single or multiple spinal levels. The treatment of single-level disease has 
been studied over the past 50 years, however, less extensive research is available for 
procedures involving multiple surgical levels. Data is especially limited regarding ACDF 
procedures performed at 4, 5, or 6 levels.  
A common complication associated with ACDF surgery is the development of 
degenerative pathology at the spinal levels adjacent to the operated level, known as 
adjacent segment disease (ASD). The exact mechanism of pathogenesis is not well 
defined, but it is hypothesized that ASD may be the result of increased biomechanical 
stress in adjacent segments following fusion. Other contributing factors also include, 
iatrogenic disturbances and progress of preexisting degenerative changes at the 
neighboring spinal segments. Patients that develop ASD with neurologic involvement 
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and / or severe pain frequently require reoperation. Unfortunately, revision surgery may 
lead to morbidity, and poor outcomes with even higher rates of ASD. 
Statement of the Problem 
 ASD has been well studied, but there are still significant gaps in the literature. ASD has 
been investigated in a far greater number of single-level procedures than in surgeries 
performed on multiple levels. The clinical occurrence of disc degeneration at the levels 
adjacent to long-segment ACDF procedures remains unclear. The impact of the number 
of fused levels on the development of ASD is yet to be conclusively determined. 
Biomechanical cadaver studies have suggested that increasing the number of fused levels 
may increase the amount of mechanical stress on adjacent segments, increasing the 
incidence of ASD, but in vivo studies have yet to provide significant confirming 
evidence. Many studies investigating whether ASD rates are effected by the number of 
fused spinal levels have been contradictory or inconclusive. Additionally, many studies 
that evaluate multi-level ACDF procedures are limited by a small sample size, with 
especially limited samples of long-segment ACDF. Due to limited number of procedures 
being performed at many institutions, many multilevel ACDF studies take place at 
multiple centers, being performed by a number of different surgeons, allowing for the 
introduction of certain biases.  
Hypothesis 
Patients undergoing long-segment (3 or more levels) anterior cervical discectomy and 
fusion (ACDF) procedures will have higher rates of radiographic adjacent segment 
degeneration (radiographic ASD) and symptomatic adjacent segment disease 
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(symptomatic ASD) than patients undergoing short-segment ACDF involving 1 or 2 
levels.  
Objectives and specific aims 
Researchers in this study will be comparing clinical outcomes between two cohorts of 
patients, one composed of patients who underwent short-segment (one or two levels) 
ACDF, and another who underwent long-segment (three or more levels) ACDF 
procedures. They will determine the incidence rate at which patients develop adjacent 
segment pathology following the respective procedures. In order to determine whether 
the number of fused levels has an effect on the development of ASD following ACDF the 
relative risk between long and short segment cohorts will be calculated. Further analysis 
will be performed to determine the effect of segment length on a number of perioperative 
complications.  
  Is there a higher incidence of radiographic ASD or symptomatic ASD in patients 
that have undergone long-segment ACDF when compared to short-segment 
procedures? 
 Is there a correlation between development of radiographic ASD and development 
of symptomatic ASD? 
 Do patients undergoing long-segment arthrodesis require reoperation for ASD at a 
higher rate than those undergoing short-segment procedures? 
 Do perioperative complications occur at a higher rates following long-segment 
ACDF compared to short-segment ACDF? 
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REVIEW OF THE LITERATURE 
Overview 
Cervical spondylosis, or degenerative disease of the cervical spine, is one of the most 
common conditions affecting the adult population. As the population of the United States 
is aging, the incidence can only be expected to rise, increasing the already significant 
public health burden of spinal disease in the country. Degenerative changes of the 
intervertebral discs, known as degenerative disc disease (DDD), and arthritic changes to 
the facet joints of the cervical spine are a natural part of the aging process and are very 
common in the older adult population. Figure 1 illustrates normal spine anatomy as 
reference. As changes in the anatomy of the cervical spine occur the affected patients 
may develop more significant disease. 
The presentation of cervical spondylosis ranges in severity, from patients who are 
completely asymptomatic to those with severe pain or neurologic deficits. When 
spondylosis becomes severe there can be compression of the spinal cord and/ or the 
spinal nerves as they exit the spinal canal. Cord compression leads to cervical spondylotic 
myelopathy (CSM) while impingement on nerve roots may lead to radicular symptoms. 
Available treatments include conservative measures, such as physical therapy, as well as 
a number of surgical procedures, including cervical arthrodesis with multiple-level 
anterior cervical discectomy and fusion (ACDF) surgery. However, these treatments are 
invasive and are not without complications, including surgical related morbidities and 
progression of pathology at the levels adjacent to those that were operated on.  
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Figure 1: Cervical vertebrae (oblique view)1 
 
Axial neck pain is one of the most common presenting symptoms of cervical 
spondylosis. Up to 66% of adults have experienced neck pain in their lifetime, 54% of 
them within the past 6 months, with 5% being significantly disabled by their pain. 2 The 
source of neck pain is often difficult to identify in the absence of other symptoms, and 
may be muscular, myofascial, or spondylotic, resulting from disc degeneration or facet 
arthropathy. Most commonly it is muscular in nature, resulting from poor posture or 
ergonomics and associated muscle fatigue, but neck pain may also be a result of cervical 
spondylosis. Pain resulting from degenerative disc disease is typically referred to the 
posterior aspect of the neck and exacerbated by extension or rotation of the neck.3  
Cervical radiculopathy occurs as a result of compression of cervical nerve roots, 
usually due to spondylosis or disc herniation. Figure 2 illustrates a disc herniation which 
is impinging on the cervical nerve root, which can lead to the symptoms of radiculopathy. 
Symptoms typically develop in the dermatome or myotome corresponding to the 
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compressed nerve root. Presentation is variable and can include pain that is generally 
unilateral, sensory deficits, motor deficits, weakness, numbness, paresthesia, or 
diminished reflexes. 
 
 
 
 
 
 
 
 
Figure 2: Herniated disc impinging on spinal nerve (coronal view)4 
 
 There can be significant functional limitations in these patients. Provocative 
exam maneuvers can be used in conjunction with history and other exam findings to 
establish the diagnosis with varying degrees of sensitivity. Maneuvers that have been 
shown to have some diagnostic accuracy include the Spurling’s test, traction/neck 
distraction, Valsalva’s maneuver, the upper limb tension test, and the shoulder abduction 
test.5 Electromyography can help differentiate radiculopathy from peripheral nerve 
dysfunction.  
There is a significant public health burden caused by cervical radiculopathy. 
Epidemiological studies show an average annual incidence rate of 83.2 per 100,000 
population, peaking in the 4th and 5th decades of life, with up to 26% of those patients 
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requiring surgery for radiculopathy.6 The incidence is higher in men than in women. A 
prevalence of 3.3 cases per 1000 people has been reported.7 Risk factors for cervical 
radiculopathy include white race, prior lumbar radiculopathy, and cigarette smoking.8 
Most patients respond to conservative therapy. Available modalities such as short-
term cervical immobilization, physical therapy, anti-inflammatories, cervical traction and 
epidural steroid injection are typically effective, with 75-90% obtaining symptomatic 
improvement with non-operative management.9 The natural history of the disease appears 
to be self-limiting in many patients, rather than progressive in nature. There are patients 
who fail conservative therapy, however, with symptoms that are refractory to non-
operative interventions. In these cases surgical management is often indicated with a 
number of procedures available. Overall, surgical outcomes are favorable with 80-90% of 
patients experiencing pain relief.10 ACDF is one of the surgical procedures that has been 
shown to be an effective treatment for radiculopathy due to spondylosis and disc 
herniation.  
Cervical spondylotic myelopathy (CSM) is a disease of the spinal cord caused by 
compression of the cord by surrounding structures due to the degeneration of the spine. 
Spondylosis occurs as a part of the natural aging process and is often asymptomatic, but 
when severe it can lead to significant neurological dysfunction. CSM is the most common 
cause of spinal cord dysfunction in patients over the age of fifty-five years old and is 
likely underdiagnosed, due to the fact that symptoms can often be very subtle early in the 
course of the disease.11 The exact incidence and prevalence of CSM is not available in the 
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literature, however the prevalence of patients undergoing surgical treatment for CSM has 
been estimated at 1.6 per 100,000 people.12 
Pathogenesis is the result of compression of the spinal cord or its vasculature due 
to degenerative changes in the spine. Degeneration of the intervertebral discs, disc 
herniation, and degenerative changes to the bony and ligamentous structures of the spine 
cause impingement on the spinal cord leading to compression of the spinothalamic tracts, 
posterior column, or dorsal nerve roots.13 As degeneration progresses, osteophytes form, 
disc height is lost, and there is narrowing of the intervertebral space. Degenerative 
changes that occur with spondylosis can be seen on radiological studies but are not 
necessarily predictive of CSM, with 95% of men and 70% of women having some sort of 
degenerative change on radiograph by age 60-65.14 In Figure 3 a cervical spine MRI of a 
patient is shown demonstrating osteophyte formation, disc degeneration, and 
osteoarthritis of C5-C6 typically seen in cervical spondylosis. When this degeneration 
leads to compression of the spinal cord patients develop symptoms of CSM.  
 
 
 
 
 
 
 
Figure 3: T1 weighted sagittal cervical spine MRI showing  
degenerative disc disease, osteophytes, and osteoarthritis of C5-C6.15 
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Symptoms of CSM can be highly variable and are often attributed to other 
etiologies, especially in elderly patients. Patients may have neck pain, an ataxic, unsteady 
gait, and difficulty with ambulation. They commonly have upper extremity symptoms as 
well including numbness, weakness, paresthesias, loss of coordination, dexterity and a 
number of other findings listed in Table 1.13 If there is impingement of dorsal nerve roots 
as they exit the spinal column in addition to the cord compression associated with CSM, 
patients may experience superimposed symptoms of radiculopathy, known as 
myeloradiculopathy. Patients with CSM commonly experience both radicular and 
myelopathic symptoms due to coexisting spinal cord and cervical nerve root 
compression. 
 
Table 1. Physical Findings Associated with Cervical Spondylotic Myelopathy 
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Patients with cervical spondylotic myelopathy typically have lower motor neuron 
symptoms, such as weakness and diminished reflexes, in the upper extremities at the 
level of the lesion. Upper motor neuron signs are usually present below the level of the 
lesion and therefore may be present in the upper or lower extremities. These include 
Early Findings Late Findings 
 Disdiadochokinesia 
 Difficulty with tandem gait 
 Fine motor deficits 
 Mildly increased reflexes 
 Mild and unsustained clonus 
 Decreased proprioception 
 Spasticity 
 Difficulty with normal gait 
 Gross motor deficits 
 Markedly increased reflexes 
 Sustained clonus 
 Gross difficulty with balance 
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hyperreflexia and spasticity. Patients may have clonus or a positive Babinski sign, and 
abnormal response to the plantar reflex in which the toes dorsiflex in response to scraping 
of the plantar aspect of the foot, rather than the typical down going response. Patients 
may exhibit a positive L’hermitte’s sign, where an electrical shock is experienced with 
flexion of the cervical spine. Symptoms may in general be exacerbated by spinal motions 
such as flexion, extension or rotation, which can increase compression of the cord.  
Typically these symptoms are preceded by subtle deficits in fine motor skills and an 
unsteady tandem gait, making diagnosis of the condition difficult in the early stages of 
disease. 13 
Cervical spondylotic myelopathy is generally a progressive disease. Literature 
shows that 20-60% of patients will deteriorate over time in a stepwise fashion without 
surgical intervention.16 Conservative measures used for treatment of mild disease, 
including immobilization with a soft or hard collar, bed rest, or physical therapy, often 
fail to slow the progression of CSM. However, the rate of progression can be highly 
variable. Patients with mild disease may be treated conservatively in many cases, but 
surgical intervention is typically recommended in patients with moderate to severe 
disease. Due to irreversible neurologic deficits, patients typically have better outcomes 
when intervention is performed earlier in the disease process.  
A number of surgical approaches have been developed to treat multiple level 
CSM, but there is little consensus as to the most effective surgical approach, and clinical 
decisions regarding surgery can vary by patient, surgeon and institution.17 Surgeons may 
choose an anterior or posterior approach to surgery. Through the anterior approach a 
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number of techniques are available. They may choose to perform an arthrodesis with an 
anterior cervical discectomy and fusion (ACDF), where the intervertebral disc is removed 
at the level of disease, and the vertebrae superior and inferior to the removed disc are 
fused together. There are also several different techniques used to perform the fusion, 
including bone grafts options and instrumentation choice. Discectomy can also be 
performed without fusion in some cases. Anterior cervical corpectomy and fusion 
removes the disc material as well as the attached vertebral body (partially or totally). 
More recently, cervical disc arthroplasty, in which the diseased disc is removed and then 
replaced with an artificial disc has been developed. All of these surgical techniques may 
be performed at a single spinal level or at multiple levels, depending on the level of the 
disease. Additionally, some surgeons may choose to perform hybrid surgery when 
performed at multiple levels, which may combine these techniques, employing cervical 
disc arthroplasty at some levels with cervical discectomy and fusion at others. There is 
little consensus as to which anterior surgical technique is the most effective, especially 
regarding multiple level procedures, but ACDF surgery remains a gold standard for the 
surgical treatment of cervical myelopathy and radiculopathy.  
ACDF surgery was first described in 1958 by Smith and Robinson.18 During this 
procedure the offending intervertebral disc material and osteophytes are removed from an 
anterior approach, followed by distraction if the disc space and the insertion of a bone 
graft. Figure 4 illustrates the removal of intervertebral discs at multiple levels through the 
anterior approach in an ACDF procedure.  
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Figure 4: Multilevel anterior cervical discectomy and fusion procedure19 
 
Once the disc has been removed, bone grafts are placed between the vertebral 
bodies in order to restore and maintain the intervertebral space height. Autologous iliac 
crest bone grafts are considered the gold standard for fusion, especially when performed 
at multiple levels, with higher rates of fusion reported, however, allografts avoid the 
donor site morbidity that is associated harvesting auotografts.20 The addition of anterior 
plating with hardware placement can increase the success of fusion.21  
There are several methods that are used to evaluate outcomes following ACDF, as 
well as other surgical interventions used to treat CSM or radiculopathy. Surgeons will use 
perioperative measures such as the preoperative patient medical morbidities, the 
preoperative neurologic status, the length of operative time, estimated blood loss (EBL) 
during the procedure, and the length of hospital stay following the procedure to help 
evaluate the surgical outcome. Postoperatively patients are evaluated for resolution or 
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progression of symptoms and are monitored for complications such as pseudarthrosis or 
hardware failure. The visual analog scale (VAS) is useful in the evaluation of pain in 
conjunction with history and physical examination. A number of systems are used to 
evaluate overall functional outcomes including the Japanese Orthopedic Association 
(JOA) score, or a modified JOA (mJOA) score, Nurick scores, the Neck Disability Index 
(NDI) or Odom’s criteria.  
Odom’s criteria classifies patients according to four categories of excellent, good, 
fair or poor surgical outcomes. The outcome is considered excellent if all preoperative 
symptoms are relieved and abnormal findings are improved. An outcome is categorized 
as good if there is minimal persistence of preoperative symptoms and abnormal findings 
unchanged or improved. A fair outcome involves definite relief of some preoperative 
symptoms with other symptoms unchanged or slightly improved. Lastly a procedure is 
considered to have a poor outcome if symptoms and signs are unchanged or 
exacerbated.22  
The mJOA score assesses motor dysfunction of the upper and lower extremities, 
sensory deficits and sphincter dysfunction, assigning points for each, as shown in Table 
2, with a normal patient scoring 17 points.23 Patients can be assessed and given a mJOA 
score preoperatively and then be reevaluated following surgery for any changes in 
function. Given the progressive nature of CSM, surgical intervention is generally 
considered a success clinically if it is able to halt any further progression of neurological 
dysfunction. Many patients are able to obtain significant relief of their symptoms and 
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without surgical intervention a significant number will progress to further neurological 
impairment.  
 
 
Table 2. Modified Japanese Orthopaedic Association Scale 
Motor Dysfunction of 
Upper Extremity 
0: Unable to feed oneself 
1: Unable to use knife and fork; able to eat with a spoon 
2: Able to use knife and fork with much difficulty 
3: Able to use knife and fork with slight difficulty 
4: None 
Motor Dysfunction of the 
Lower Extremity 
0: Unable to walk 
1: Can walk on flat floor with walking aid 
2: Can walk up and/or down stairs with handrail 
3: Lack of stability and smooth gait 
4: None 
Sensory Deficit 0: Upper extremity, severe sensory loss or pain 
1: Upper extremity, mild sensory loss 
2: Upper extremity, none 
0–2: Lower extremity 
0–2: Trunk 
Sphincter Dysfunction 0: Unable to void 
1: Marked difficulty in micturition (retention) 
2: Difficulty in micturition (frequency, hesitation) 
3: None 
 
ACDF procedures can also be evaluated radiographically. Methods include plain 
static radiographs, lateral dynamic radiographs with views in cervical flexion and 
extension measuring segmental translation and interspinous process motion or Cobb 
angle, computed tomography (CT), and less commonly magnetic resonance imaging 
(MRI).24 In Figure 5 a CT scan is shown status post two-level ACDF with allograft. With 
dynamic films a fusion can be considered successful when there is less than 1-2mm of 
difference in interspinous process measurements or less than a 2 degree Cobb angle on 
flexion and extension. Cobb angle is measured from the rostral endplate of the superior 
vertebral body to the caudal endplate of the inferior vertebral body of the treated 
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segment(s).25 While radiological methods have been shown to be fairly accurate, a 
successful fusion can only be fully evaluated under direct intraoperative inspection, 
which is not generally performed in a clinical setting.   
 
 
 
 
 
 
 
 
 
Figure 5: CT scan of patient following 2-level (C3-C5) anterior cervical discectomy 
and fusion with allograft (Sagittal view)26 
 
There are a number of complications associated with the surgical techniques used 
in the treatment of CSM and radiculopathy. Cervical spine surgery in general is 
associated with risk of neurologic damage, esophageal perforation, persistent axial neck 
pain, cerebrospinal fluid leak, dysphagia, dysphonia, Horner’s syndrome, and wound 
infection.27 Patients undergoing ACDF are at risk for recurrent laryngeal nerve palsy, soft 
tissue hematoma, worsening of preexisting myelopathy or radicular symptoms, hardware 
failure, pseudarthrosis, vertebral or carotid artery injury, jugular vein damage, thoracic 
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duct injury, and pneumothorax.28 Cervical decompression surgery through both anterior 
and posterior approaches is also associated with postoperative C5 nerve palsy.29 
In addition to the risks of complications associated with surgery, patients who 
undergo ACDF are at risk for the development of adjacent segment disease (ASD). ASD 
is a condition where there is degeneration of the intervertebral discs at the level(s) 
adjacent to the fused level(s) resulting in myelopathy and/or radiculopathy. This 
frequently leads to the need for further surgical intervention subsequent to the initial 
procedure with some studies showing that over 20% of ACDF patients will require 
reoperation within the ten years following the index procedure.30 Patients that develop 
ASD and require revision ACDF or another surgical procedure face significant morbidity, 
high rates of long-term pain and disability and are at even higher risk of redeveloping 
ASD and potentially requiring a third surgical procedure.31 
The pathogenesis of ASD has not yet been established. Many researchers 
hypothesize that it is the result of increased mechanical stress that intervertebral discs are 
subjected to following fusion while others believe that ASD is part of the natural history 
of cervical spondylosis and results from progression of the initial underlying disease.32 
The idea that fusing segments of the spine will cause a transfer of mechanical stress to the 
adjacent segments has been supported by biomechanical cadaveric studies which have 
shown increased intradiscal pressure and increased motion at these segments.33 This 
could explain a possible mechanism for the increased rates of degeneration that are seen 
in ASD. If this were truly the mechanism of pathogenesis one would expect that multiple 
level procedures would have a higher incidence of ASD. There is an increased reduction 
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in motion over long segment fusions with motion being transferred to fewer remaining 
segments, which should result in increased stress and more rapid degeneration, but this 
has not been clearly shown to be the case in practice.34 Risk factors that have been 
established for reoperation secondary to ASD include female gender, smoking and 
undergoing a 1- or 2-segment procedure.30 
Cervical disc arthroplasty (CDA), also known as cervical disc replacement, also 
involves removal of the entire diseased disc through an anterior approach, replacing the 
disc with a metal-on-metal, or metal-on-polymer prosthesis. CDA was designed to 
preserve the normal motion of the cervical spine in order to prevent complications 
associated with ACDF, such as ASD, which are thought to be associated with the loss of 
cervical motion that occurs from the rigid fixation used in ACDF. The procedure is 
designed to provide decompression of the spinal cord and restoration of intervertebral 
disc height without increasing the mechanical stresses in the adjacent segments. The 
theory is that by preserving normal motion and eliminating increased stresses associated 
with rigid fusion, the procedure may reduce ASD, while at the same time avoiding other 
complications, such a pseudarthrosis, that are specifically associated with ACDF.35 While 
CDA has been shown to be safe and effective in comparison to ACDF, in vivo studies are 
still short-term for most, and have failed to show a significant difference in the rates of 
ASD.  
Further research is needed on the development of ASD and its pathogenesis in 
order to help aid surgeons in their clinical decision-making, especially in cases involving 
long-segment cervical fusions. 
 18 
Existing research 
Surgical intervention has long been the mainstay of treatment for CSM. ACDF surgery 
has been established as the gold standard of treatment for the disease, especially for 
single level pathology. As new surgical techniques are being developed they are often 
compared to ACDF. In this section we will explore the published literature, focusing on 
the treatment of CSM and radiculopathy with multiple level ACDF, the association of 
ASD with these procedures, and comparing to a number of other surgical options that are 
available.  
 Single level ACDF is one of the most commonly performed cervical spine 
surgeries, however, long segment multilevel ACDF procedures are less commonly 
performed, and therefore literature surrounding these procedures is more limited. For 
example, in one study by Bydon et al, only 3.3% of the 888 patients that had ACDF 
surgeries performed at a single tertiary care center, a total of 29 patients, underwent 4-
level ACDF. Just 15% of patients in this study underwent 3-level ACDF, while the 
majority of procedures performed, 81% , were one or two-level ACDF.36 Because so few 
long segment procedures are performed there is still need for further data pertaining to 
these surgeries.  
Adjacent segment disease (ASD) is a serious complication of cervical spine 
surgery, with patients often developing spondylosis with myelopathy or radiculopathy at 
the spinal levels adjacent to those that have been operated on. ASD has been studied in 
ACDF but little is known of the pathogenesis of the disease and more data is needed 
involving multiple level surgical procedures. 
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ASD occurs at a significant rate in patients that have undergone ACDF, causing 
serious morbidity in these patients. In what has become a cornerstone study, Hilibrand et 
al found that the incidence of symptomatic ASD following ACDF surgery was 2.9 
percent per year in the ten years following the procedure, with up to 25% of patients 
developing ASD within 10 years.37 In another study of 672 consecutive patients by van 
Eck et al, 15.2% of patients required revision surgery for ASD with an average follow up 
time of only 31 months. This may have overestimated the incidence of ASD since the 
patients who tended to have longer follow ups were those who had complication such as 
ASD.  
Similarly, Lee et al found an average incidence of ASD requiring additional 
surgery of 2.3 percent per year with 21.9 percent of patients requiring surgery within 10 
years in a large retrospective analysis of 1358 patients who underwent spine surgery for 
myelopathy, radiculopathy, or both by a single surgeon.38 This study took into account 
several different types of procedure, including ACDF, posterior decompression, 
laminoplasty, foraminotomy, arthroplasty, and hybrid procedures. A different study by 
Lee et al looking specifically at anterior cervical arthrodesis found similar incidence rates 
of 2.4% per year with Kaplan-Meier analysis predicting 22.2% of patients would require 
reoperation within 10 years.30 Bydon et al found that 12.2% of patients required revision 
surgery for ASD during an average follow up time of 92.4 months and by attempting to 
correct for patients lost to follow up through Kaplan-Meier analysis they estimated a rate 
of ASD development of 31.0% at ten years.36 Chung et al found that radiographic 
adjacent segment pathology and symptomatic ASD occurred in 92.1% and 19.2%, 
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respectively, in a retrospective analysis of 177 patients that underwent ACDF and were 
subsequently followed for a minimum of 10 years (mean of 16.2).39 
The pathogenesis has not yet been determined for ASD. Biomechanical studies 
have suggested that increased mechanical stress is placed in the adjacent segments 
following fusion which leads to more rapid degeneration and development of 
symptomatic ASD. In one study, Eck et al40 looked at six cadaver models of the cervical 
spine which were subjected to flexion and extension stresses. They compared results 
between normal cadaver spines and those with anterior plating at C5-C6 and found a 
73.2% increase (P=0.002) in intradiscal pressure in C4-C5 and a 45.3% increase 
(P=0.006) at the C6-C7 level during flexion, with increases during extension that were 
not significant.40 This is consistent with other studies that have shown that ASD tends to 
occur at higher rates in the spinal levels superior to those that have been fused. This 
suggests that it is the mechanical stress that increases the rates of degeneration leading to 
ASD.   
One area where further research is needed is regarding the impact of the number 
fusion levels on the development of ASD. Hilibrand et al found that development of 
disease in adjacent segments occurred at a significantly lower rate in patients that 
underwent multilevel procedures than those who had single level arthrodesis. One 
limitation of this analysis was the small sample size of long-segment arthrodesis (three or 
more operative levels). 37 patients (9.8%) underwent 3-level fusions and only two 
patients (.5%) had 4-level fusions performed for a total of only 41 (11%) of the 374 
consecutive surgical subjects being followed that underwent long segment ACDF. Lee et 
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al also found that ASD rates were 1.8 times higher in 1-2 level procedures than in 
procedures involving 3 or more levels. On possible explanation for lower rates of ASD in 
long-segment ACDF takes in to account that degenerative spine disease requiring surgery 
occurs at the highest rates in C5/C6, followed by C6/C7, C4/C5 and C3/C4, regardless of 
whether the degeneration is due to spondylosis or adjacent segment pathology. Long-
segment ACDF procedures are more likely to involve these cervical levels, leaving intact 
segments that are less likely to degenerate.  
In contrast, Chung et al showed in their retrospective study of 177 ACDF patients 
that clinical adjacent segment pathology occurred in 13.2% of patients that underwent 
single-level fusion, and at much higher rate of 32.1% in those that underwent multilevel 
fusions. In a larger study Bydon et al found that there was no statistical difference in the 
rate of ASD development in patients undergoing single level ACDF when compared to 
two level procedures or procedures involving three or more levels via log-rank test (P = 
.91).36 However, in this series the majority of patients included also underwent one or 
two level fusions with far fewer long segment ACDF procedures being included in the 
analysis.  
Studies have shown that when patients require a second cervical arthrodesis to 
treat their ASD, they subsequently develop ASD at faster and higher rates following the 
second procedure. Xu et al found that the incidence of ASD following initial ACDF was 
12.2%, which increased to 25% following a second cervical fusion (P=0.0002), with a 
reduction in the average time to development of ASD from 47.0 to 30.3 months 
(P=0.01).31 In this study, 31.5% of the patients that underwent a second cervical fusion 
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went on to developing recurrent ASD, with an average of 28.82 months until they 
required third surgical procedure and were more likely to be non ambulatory (P=0.02), 
with increased Nurick scores, and worsening neurological function postoperatively, when 
compared to patients that had one repeat fusion.31 This data demonstrates the significant 
morbidity experienced by patients that develop ASD.   
Cervical disc arthroplasty has been developed in response to ASD, with the idea 
that preserving the natural motion of the spine and avoiding rigid fusion will decrease 
biomechanical stresses, reducing the occurrence of degeneration of the adjacent 
segments. Several studies have shown that cervical disc arthroplasty is a safe and 
effective alternative for treating both single-level and multiple level disc disease through 
an anterior approach. Thus far, there has not been evidence, however, that patients 
undergoing cervical disc arthroplasty have a lower incidence of developing ASD.   
Gornet et al showed that the PRESTIGE LP cervical disc arthroplasty device was 
safe and effective when compared to ACDF, with similar rates of adverse events (12.1 vs 
15.5%), subsequent surgery at adjacent levels (2.5 vs 4.2%), and improvements in NDI, 
SF-36, neck pain, arm pain at 1.5, 12, and 24 months. 41 
In a large single-center retrospective study Tracey et al also showed CDA to be 
comparable to ACDF in the treatment of single-level disc disease. They studied 259 
consecutive patients, 171 of which underwent CDA and 88 who underwent ACDF 
finding that relief of pre-operative symptoms was 90.1% in the CDA group and 86.4% in 
the ACDF group while patients who underwent CDA had a higher rate of persistent 
posterior neck pain (15.8% versus 12.5%), and patients who underwent ACDF were at 
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risk for symptomatic pseudarthrosis at a rate of 3.4% with higher reoperation rates in the 
ACDF group (5.7% versus 3.5%).42 
While CDA has been shown to be a safe and effective surgical intervention, little 
data has emerged to suggest that CDA results in lower rates of ASD than ACDF, as 
intended. One prospective cohort study by Maldonado et al found that radiographic ASD 
developed in 10.5% of the 105 patients that underwent ACDF and in 8.8% of the 85 
patients that were treated with CDA, without a statistically significant difference between 
the two groups (P=0.72)43 This could indicate that there are other factors at play in ASD, 
besides restriction of motion associated with fusion.  
In addition to ASD, a number of other complications associated with ACDF have 
been extensively studied. Studies have shown multi-level ACDF to be safe and effective 
in treating multiple level CSM, however there may be increased risk of complications and 
morbidity when compared to single level surgery. A study by De la Garza-Ramos et al 
suggested that as the number of levels operated on increases, so does the rate of 
complications. They retrospectively looked at 97 patients undergoing first time ACDF 
surgery at either 3 or 4 levels, 71 of which underwent 3-level fusion and 26 undergoing 
4-level fusion. They found that patients who underwent 4-level fusion had higher rates of 
dysphagia, postoperative pain requiring narcotics, pseudarthrosis, and deep wound 
infection. However, pseudarthrosis and infection rates did not reach statistical 
significance.44 
 Other studies have shown that with ACDF being performed at multiple levels, the 
rates of successful fusion are less than that of single level ACDF. One meta-analysis that 
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included 2682 patients showed that fusion rates at a single level of 92.1% for ACDF and 
97.1% for ACDF with the addition of an anterior plating system (ACDFP), compared to 
79.9% for ACDF and 94.6% ACDFP for two disc-level disease, and 65.0% for ACDF 
and 82.5% for ACDFP for 3-level disease.45 This data suggests that as the number of 
levels increases so does the failure rate of fusion. It also suggests that the addition of 
anterior plating can significantly increase fusion rates in one, two or three-level ACDF.  
 Some studies have shown that there is little difference in morbidity with 3- and 4-
level ACDFP compared to 1- or 2 level ACDFP. Bullard and Valentine looked at 519 
ACDFP surgeries ranging from 1-4 levels, performed by a single surgeon over an 8 year 
period and retrospectively reviewed the initial 3 month postoperative period at 1, 2 and 3 
months for immediate morbidity. They found no statistically significant clinical 
difference in Odoms, VAS, or NDI relating to the number of levels operated on. They did 
find that 3 and 4-level ACDFP patients had a statistically significant increase in length of 
hospital stay (p = <0.0001 for both) resulting in 1 additional day for 3-level and 1-2 
additional days for 4 levels. Additionally, 4- level patients had a longer period of time 
before return to work that was statistically significant compared to 1- or 2-level 
procedures (p = 0.0029 for 1 month, p = 0.003 for 2 months, and p= 0.015 for 3 
months).46 The study shows that multiple level ACDFP can be performed without 
increase in early morbidity. Strengths of this study include consistency of surgical 
technique and a relatively large sample size. However due to the short period of follow-
up it is unable to determine long-term success of multi-level fusion and subsequent 
development of ASD.  
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Complications surrounding ACDF have been studied extensively, but there is still 
a need for more data investigating the effect of segment length on complication rates, 
including the impact on the development of adjacent segment pathology. 
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METHODS 
Study design 
This study will be a retrospective cohort study comparing clinical outcomes between two 
cohorts of patients who have undergone either short-segment (1-2 level) or long-segment 
(3 or more levels) anterior cervical discectomy and fusion surgery. The primary objective 
will be evaluating the development of radiographic and symptomatic adjacent segment 
disease (ASD) in patients who have undergone ACDF surgery for the treatment of 
cervical radiculopathy and/or myelopathy.  
 
Study population and sampling 
Investigators will identify all patients who have undergone ACDF for the treatment of 
cervical radiculopathy, myelopathy or radiculomyelopathy at Boston Medical Center 
(BMC), within the last 10 years, who have a minimum of at least 3 years of follow-up. 
Researchers intend to collect data on as large of a population as possible from this single 
academic medical center. Assuming that there is a ten percent incidence of ASD in 
patients undergoing short-segment procedures during the follow up period, in order to 
detect a 10% total difference in incidence between the two groups, with the alpha level 
set to 0.05, a beta of 0.2 and a power of 80%, the sample size would need to be 398 
patients, assuming an enrollment ratio of 1:1.47  
 Inclusion criteria will be all patients who underwent ACDF for cervical 
spondylosis that had resulted in myelopathy, radiculopathy, or both.  
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Patients will be excluded from the study if they have a history of prior spine 
surgery, any history of neoplasms involving the head, neck or spine, or cervical fracture, 
dislocation or traumatic spinal cord injury.  
 
Treatment 
 All patients in both cohorts will have been treated will anterior cervical discectomy and 
fusion. Investigators will compare rates of ASD between two cohorts of patients. One 
cohort will be composed of patients who have undergone short-segment ACDF, 
consisting of procedures involving one or two levels. The second cohort will include all 
patients who have undergone long-segment ACDF procedures involving three or more 
spinal levels. 
 
Study variables and measures 
The primary variables that will be measured are the development of radiographic adjacent 
segment disease and the development of symptomatic adjacent segment disease. 
Symptomatic ASD will be defined as new symptoms of myelopathy or radiculopathy at 
spinal levels contiguous with initial ACDF procedure, which are either present on 
multiple, consecutive, post-operative office visits. Radiographic ASD will be evaluated 
using Kellgren-Lawrence criteria. Patients will be considered to have radiological ASD if 
they are classified as grade three or four using the Kellgren and Lawrence system. We 
will also be measuring the incidence of reoperation secondary to ASD in both cohorts. 
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Secondary measures are to include rates of other complications associated with 
initial ACDF surgery, rates of effective symptom relief following ACDF, location of 
involved levels, as well as radiographic evidence of pseudarthrosis and hardware failure. 
All outcome measures will be compared between single, short, and long segment ACDF 
procedures.  
 
Recruitment 
Patients will be recruited retrospectively for this study using billing data to identify all 
Boston Medical Center patients that have undergone ACDF within the last ten years. As a 
retrospective chart review, eligible for expedited IRB approval, the individuals’ consent 
may not be needed as long as identifying patient information is blinded in accordance 
with HIPAA.  
 
Data collection 
The data for this study will be obtained by review of the electronic health records system 
at Boston Medical Center. Once patients have been identified from billing data as having 
undergone ACDF surgery, they will undergo extensive review of the medical records, 
including operative reports, outpatient and hospital charts, imaging studies to evaluate for 
both radiographic and symptomatic ASD. The type of procedure, number and location of 
levels involved will be recorded. Patient charts will be evaluated for all reported 
complications including dysphagia, intraoperative blood loss, hardware failure, infection. 
Overall clinical outcomes of the procedures will be recorded, with patients being 
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classified according to Odom’s criteria as either excellent, good, fair or poor. Patient 
records will then be evaluated for the development of symptomatic ASD, monitoring for 
post-operative pain, myelopathy, radiculopathy in adjacent spinal levels and recording the 
length of time post-operatively until development of symptoms. Investigators will also 
record the length of time until further surgical intervention was required in patients that 
developed ASD, as well as the type of surgical intervention that was subsequently 
performed.  Evaluation of radiographic imaging for ASD will be performed by an 
orthopedic spine fellow using Kellgren and Lawrence criteria. Imaging will be assessed 
for the degeneration of adjacent segments, as well as for hardware failure and 
pseudarthrosis.  
 
Data analysis 
We will use the data collected to calculate the incidence of symptomatic ASD in the short 
segment (1-2 levels) and long segment (3 or more levels) ACDF cohorts. The incidence 
rate will be determined by dividing the total number of cases of symptomatic ASD that 
occur in each cohort by the total number of person-years of follow up in that cohort and 
then multiplying by one thousand. This will give the incidence rate of ASD in number of 
cases per 1000 person years. A similar approach will be utilized to calculate the incidence 
rate of reoperation secondary to ASD. Incidence will be calculated for a number of 
complications including infection, weakness, dysphagia, recurrent laryngeal nerve (RLN) 
injury, pseudarthrosis, and hardware failure.  
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The incidence rates calculated will be used to determine the relative risk of 
developing ASD in patients undergoing long vs short segment ACDF procedures. The 
relative risk will be calculated by dividing the number of cases of ASD per 1000 person-
years in the short segment cohort. This will give a ratio of how likely a patient who has a 
long segment ACDF is to develop ASD when compared to a patient that receives a short 
segment procedure.  
The chi-square test will be used to evaluate the incidence rates of ASD in the two 
cohorts for a statistical significant difference. Statistical analysis will be used to generate 
a p-value which will be considered statistically significant if less than 0.05. Researchers 
will test for the statistical significance of any difference between the incidence of 
radiological and symptomatic ASD within each cohort, as well as between cohorts. 
Statistical analysis will compare rates of symptomatic ASD to those of radiographic ASD 
in the short-segment cohort and in the long-segment cohort. P values for the difference in 
incidence rates between the two cohorts will also be calculated for symptomatic ASD, 
radiographic ASD, ASD requiring reoperation, and a number of surgical complications 
including dysphagia, weakness, infection, pseudarthrosis, RLN injury, and hardware 
failure, in order to test for statistical significance. Kaplain-Meier survival analysis will be 
performed for patients requiring reoperation for ASD, testing for a significant difference 
in reoperation free survival between the two cohorts using the log-rank test. 
If investigators are able to gather a large enough sample size, further statistical 
analysis will be performed with the study population subdivided into multiple cohorts. 
Researchers will calculate incidence rates per 1000 person years for cohorts of patients 
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composed of those undergoing one, two, three, four and five level procedures. The single 
level cohort will be used as the reference cohort in order to calculate the relative risk of 
developing ASD following ACDF procedures involving two, three, four, or five levels 
when compared to single level ACDF. 
 
Timeline and resources 
The data collection and analysis involved in this study will likely take place over several 
months. Chart review and analysis of radiological studies will need to be performed by a 
team of specialists involving orthopedic spine surgeons, fellows, or residents.  
 
Institutional Review Board 
Researchers will be conducting a systematic investigation designed to contribute to 
general knowledge, requiring the collection of data involving human subjects, including 
access to identifiable private information. Federal regulations therefore require an 
application for approval by an Institutional Review Board (IRB). The research being 
performed involves data, documents and records that have already been collected for 
purposes other than research, relating to medical treatment and diagnosis. Therefore this 
study qualifies for application for an Expedited Review by the IRB.  
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CONCLUSION 
Discussion 
Adjacent segment disease leads to significant morbidity in patients that have undergone 
anterior cervical discectomy and fusion surgery. Studying ASD in multilevel anterior 
cervical discectomy and fusion patients has proven to be a challenge. Data surrounding 
long-segment procedures is especially limited. As gaps in clinical knowledge surrounding 
this disease are filled, it will allow practitioners to better understand, treat and prevent 
this disease.   
This study will help fill gaps in the knowledge regarding ASD following long-
segment ACDF procedures. There are several advantages to the design of this study. All 
surgeries will have been performed in a single institution by a very limited number of 
surgeons who are part of the same surgical team, helping to eliminate confounding 
variables associated with surgical technique, operating room procedure, or training level 
of the performing surgeons. The institution involved in this study performs a relatively 
large number of long-segment procedures, which will enable investigators be able to 
generate a relatively large sample size of long segment procedures performed at a single 
institution study, which has been a challenge in other studies on ASD.  
Our study could potentially be limited by a number of factors. The retrospective 
nature allows for possible introduction of biases. Due to the fact that a limited number of 
these procedures are performed the study will need to take place over an extended period 
of time, allowing increased potential for patients to be lost to follow up.  
 33 
Summary 
While there are several surgical treatments available for neurological disease that is 
associated with the degeneration of the cervical spine, such as cervical spondylotic 
myelopathy and cervical radiculopathy, patients who undergo these procedures typically 
experience significant morbidity. Development of pathology at the segments adjacent to 
the levels which have been operated on is a significant problem for people who undergo 
cervical spine surgery. This phenomenon has been well described following ACDF 
surgery. However, there is still much that is not fully understood regarding ASD, 
especially following multilevel ACDF procedures. 
 There are several gaps in the literature surrounding ASD. While a mechanism of 
pathogenesis has been proposed, and has been supported by in vitro biomechanical 
cadaver studies, the etiology of the disease is still unknown. While some researchers 
hypothesize that ASD is the result of increased biomechanical stress in adjacent segments 
resulting from fusion, others propose that ASD is simply a result of further progression of 
spondylosis, which is progressive in nature, and that ASD does not have an iatrogenic 
cause. Furthermore, the effect of the length of the fusion, the number of spinal levels 
involved, on the incidence of ASD has not been well established in the literature. Some 
studies have found higher rates of ASD in multilevel procedures, while others have found 
the highest incidence of ASD in single-level, as well as short-segment procedures.  
 Higher rates of ASD in short-segment procedures may suggest that ASD is the 
result of the natural progression of cervical spondylosis. Patients undergoing single-level 
or short-segment procedures have more unaffected segments, and are more likely to be in 
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the earlier stages of degeneration. Due to the fact that there are more unfused segments 
present and capable of developing disease, these patients may be at higher risk for 
progression of their spondylosis to the remaining levels. 
 On the other hand, if ASD occurs at a higher incidence in long-segment 
procedures this may suggest that ASD is the result of increased biomechanical stress 
following fusion. Long-segment procedures place greater limitation on cervical motion, 
transferring greater amounts of stress to the adjacent segments, theoretically resulting in 
more significant rates of degeneration resulting in pathology.  
 
Clinical and public health significance 
The information gathered in this study will help guide clinical decision making by 
physicians considering surgical management of cervical spondylosis, myelopathy and 
radiculopathy. If ASD is shown to develop at higher rates in patients who undergo long-
segment ACDF, when compared to short-segment procedures, surgeons may be more 
hesitant to include additional spinal levels in a fusion procedure. Conversely, if ASD is 
shown to develop at higher rates in patients undergoing single-level or short-segment 
procedures, surgeons may be inclined to be more liberal in including additional spinal 
levels in the ACDF.  
 In addition, determining the pathogenesis of ASD will have an impact on the 
development and utilization of other surgical techniques designed to reduce the risk of 
ASD, such a cervical disc arthroplasty.  
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ACDF procedures commonly require subsequent reoperation due to ASD, 
resulting in significant morbidity for thousands of patients. By further elucidating the 
etiology of this disease, as well as the risk factors associated with it, health care providers 
can take steps toward reducing the risk of ASD. This could have a significant public 
health impact on the large number of patients that undergo ACDF surgery for the 
treatment of cervical spondylosis, disc herniation, CSM or cervical radiculopathy.   
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